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DOUHDG\ >@ LQFOXGLQJ WKH H[DPLQDWLRQ RI LWV PHFKDQLFDO SURSHUWLHV DW WKH VDPH WLPH
>@+RZHYHUVWXGLHVRQGHYHORSPHQWRIWKLVWHFKQRORJ\LQFOXGLQJWKHGHSOR\PHQWRIILEUHLQWKHPL[WXUHDUHIDU
OHVVDGYDQFHG7KLVLVGXHWRWKHFRPSOH[LW\RIVXFKDGYDQFHGUHVHDUFKPHWKRGVDQGOLPLWHGPHWKRGVIRUYHULI\LQJ
VXFK FRQFUHWH VWUXFWXUHV 7KH DGGLWLRQ RI GLVSHUVHG UHLQIRUFHPHQW HQKDQFHV WR YDULHG GHJUHH YDULRXV FRQFUHWH
SURSHUWLHVDWWKHVDPHWLPHLWFUHDWHVGLIILFXOWLHVLQSUHSDULQJDFRPSRVLWLRQZKLFKVDWLVILHVWKHFRQGLWLRQVRIDVHOI
FRPSDFWLQJ KRPRJHQHRXVPDWUL[ LQ WKH ZKROH YROXPH DQG DOVR VLJQLILFDQWO\ LPSURYHV WKH SK\VLFDOPHFKDQLFDO
SURSHUWLHV >@ 7KH PRVW LPSRUWDQW LVVXH LV WR GHWHUPLQH WKH ILEUH GLVWULEXWLRQ GLVSHUVHG LQ YDULRXV IRUPHG
VWUXFWXUDO HOHPHQWV GHSHQGLQJRQ WKHPHWKRGRI WKHLU VHOIFRPSDFWLQJPL[WXUH¶V IRUPLQJ WDNLQJ LQWR DFFRXQW WKH
UKHRORJLFDOSURSHUWLHVRI WKHPL[WXUH DVZHOO DV WKHYROXPH UDWLRDQGJHRPHWULFDOSDUDPHWHUVRI VWHHO ILEUHV7KH
PDLQREMHFWLYHRI WKLV VWXG\ZDV WRGHWHUPLQHGLVWULEXWLRQ DQGRULHQWDWLRQRI VWHHO ILEUHV LQ WHVWHG6)56&& IRU D
FKRVHQVWUXFWXUDOPRGHODQGLWVHIIHFWRQPHFKDQLFDOSURSHUWLHV7KHDLPRISUHVHQWHGUHVHDUFKZDVWRGHWHUPLQHWKH
GLVWULEXWLRQRIVWHHOILEUHVLQ6)56&&LQVSHFLILFFDVHRIWKHFRUQHUEHDPFRQFUHWLQJRIWKHVWUXFWXUDOHOHPHQWDQG






$V D VWUXFWXUDO PRGHO FRQFUHWH EHDPV ZLWK GLPHQVLRQV îî PP DQG îî PP ZHUH

















2EWDLQHGEHDPVZHUHDQDO\]HGE\FRPSXWHG WRPRJUDSK\GHVFULEHGHDUOLHU LQ WKHZRUN >@DQGPHDVXUHG WKHLU
VWUHQJWK WR WHQVLOH WHVWV LQ EHQGLQJ DFFRUGLQJ WR5,/(0 UHFRPPHQGDWLRQV >@ 7KH FRPSRVLWLRQ RI WHVWHG VHOI
FRPSDFWLQJPL[WXUHVLVSUHVHQWHGLQ7DEOH7ZRW\SHVRIVWHHO ILEUHVZHUHFRQVLGHUHGRQWKUHHOHYHOVRIYROXPH
UDWLR7KHSURSHUWLHVRIXVHGVWHHO ILEUHVDUHSUHVHQWHG LQ7DEOH7KH VHOIFRPSDFWLELOLW\RI WKHPL[WXUHPHW WKH
FULWHULRQWKURXJKRXWWKHLQWHUYDORIYDU\LQJILEUHFRQWHQW7KHIORZGLDPHWHURIWKHUHIHUHQFHPL[WXUHZDV6) 













PP 6WHHOILEUHV 6XSHUSODVWLFL]HU 6WDELOL]HU :& 6OXPSIORZ
NJP NJP NJP NJP NJP NJP  




PP 7KHFURVVVHFWLRQ 0DWHULDO 7HQVLOHVWUHQJWK1PP

6:   3DUWRIWKHFLUFOH /RZFDUERQVWHHO 
6:   3DUWRIWKHFLUFOH /RZFDUERQVWHHO 
5HPDUNILEUHVZLWKVWUDLJKWVKDSHGEDUV
7DEOH7KHLQIOXHQFHRIVWHHOILEUHVW\SHILEUHVFRQWHQWDQGNLQGRIIRUPLQJEHDPRQWKHIOH[XUDOVWUHQJWKRI6)56&&IIO>03D@
7\SHRIILEUHV 6: 6: 6:
)LEUHVFRQWHQWNJP        
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,VSHFLPHQ        
,,VSHFLPHQ        
%HDP,, ,VSHFLPHQ        
,,VSHFLPHQ        
%HDP,,,
,VSHFLPHQ        











DOORZHG WR WHVW WKH HIIHFW RI WKHGLVWDQFH IURP WKHSRLQW RI IRUPDWLRQRI6)56&&RQ WKHGLVWULEXWLRQRI ILEUHV LQ
PDWUL[DQGPHFKDQLFDOSDUDPHWHUVRIEHDPV%HDPVRIîîPPFXWIURPîîPPEHDPVZHUH
PDUNHG LQ VXFKZD\ WKDW SRVLWLRQHG FORVHU WR WKH SRLQW RI IRUPDWLRQ LV ODEHOHG DV EHDP , DQG WKH EHDP IRUPHG








VLPLODU ILEUHRULHQWDWLRQ WKHLUGLVWULEXWLRQDQGPHFKDQLFDO SURSHUWLHV UHJDUGOHVVRI WKHGLVWDQFH IURP WKHSRLQWRI
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IRUPLQJ WKH6)56&&7KHUH LV DOVR VLPLODU XQHYHQGLVWULEXWLRQRI ILEUHV LQ WKH FURVVVHFWLRQVRI DOO EHDPV7KH
DPRXQW RI 6: ILEUHV LQFUHDVHV WRZDUGV WKH ERWWRP VHFWLRQ RI EHDPV7KH RULHQWDWLRQ RI EHDPV SDUDOOHO WR WKH
GLUHFWLRQRIIORZRIWKHPL[WXUHDWIRUPDWLRQRI6)56&&LVREVHUYHG$GGLWLRQDOO\WKHLQFUHDVHLQDPRXQWRIWKHDLU
PDFURSRUHVZLWKWKHLQFUHDVHRIILEUHVFRQWHQWLQWKHPL[WXUHLVREVHUYHG2QWKHEDVLVRIFRQGXFWHGREVHUYDWLRQLW
FRXOG EH FRQFOXGHG WKDW WKH K\SRWKHVLV RI GHFUHDVLQJ E\ ILEUHV IURPGHDHUDWLRQ RI 6)56&&PL[WXUH LV SRVVLEOH
HVSHFLDOO\LQSODFHVZLWKJUHDWHUGHQVLW\RIILEUHVLQFRQFUHWHPDWUL[,QFDVHRIEHDPVIRUPHGIURPWKHHOHPHQWRI
îîPP WKHHIIHFWRI6:ILEUHVFRQWHQWRQ WHQVLOH VWUHQJWK LQEHQGLQJ)LJ LVDQDORJRXV WR WKH
ILUVW VHULHV RI VDPSOHV ZLWK 6: ILEUHV $OVR LQ WKHVH EHDPV WKHUH LV WKH LQFUHDVH RI EHQGLQJ IRUFH ZLWK WKH
LQFUHDVHRI6:ILEUHVFRQWHQW$GGLWLRQDOO\WKHUHLVDQLQFUHDVHLQEHQGLQJIRUFHLQFDVHRIEHDPV,,LQUHODWLRQWR





FRQILUPHG WKHVH WUHQGV )LJXUH  SUHVHQWV WKH IOH[XUDO VWUHQJWK ¦IO  \LHOG YDOXH J FXUYHV IRU 6)56&& ZLWK DOO














































NJP LQ6)56&& WKHUHZDVQRGLIIHUHQFHEHWZHHQEHQGLQJ IRUFHV LQEHDPV , ,, DQG ,,,7KH UHSHDWHG WHVWVRQ
EHDPV¶IRUPDWLRQDQGPHDVXUHPHQWVFRQILUPHGWKHVHWUHQGV3UHVHQWHGWHVWVUHVXOWVVKRZVLJQLILFDQWGLIIHUHQFHVLQ
VWUHQJWK SDUDPHWHUV RI 6)56&& EHDPV LQ UHODWLRQ WR WKH SRLQW RI WKHLU IRUPDWLRQ 7KH LQFUHDVH LQ GLVWDQFH RI
6)56&& PL[WXUH¶V IRUPDWLRQ VLJQLILFDQWO\ LPSURYHV WKHLU VWUHQJWK SDUDPHWHUV 7KLV LV GHILQLWHO\ UHODWHG WR WKH
GLUHFWLRQDORULHQWDWLRQRIWKHILEUHVDQGWKHLUSHUSHQGLFXODUSRVLWLRQWRWKHDSSOLHGEHQGLQJIRUFHDQGWKHLUSDUDOOHO
DQFKRULQJLQEHQGLQJHOHPHQW)LEUHVDVGLVSHUVHGUHLQIRUFHPHQWEXWDWWKHVDPHWLPHDVGLUHFWLRQDOUHLQIRUFHPHQW
VLJQLILFDQWO\ LPSURYH FRQFUHWH¶V PHFKDQLFDO SDUDPHWHUV ZLWK WKHLU DGGLWLRQ /RQJHU 6: ILEUHV ³ZRUN´ PXFK





$OVR WKH SDUDOOHO SRVLWLRQLQJ RI ILEUHV ZDV FRQILUPHG LQ DFFRUGDQFH ZLWK WKH GLUHFWLRQ RI PRYHPHQW RI WKH
PL[WXUHLQWKHIRUPHVSHFLDOO\LQFDVHRI6:ILEUHV2QO\IHZILEUHVZHUHSHUSHQGLFXODUWRWKLVGLUHFWLRQ
7KH UDGLDO DUUDQJHPHQW RI ILEUHV LQ WKH YLFLQLW\ RI WKH FRUQHUV RI EHDPV¶ FURVVVHFWLRQ LV DVVRFLDWHG ZLWK WKH




WKH VDPH WLPH ILEUHV DUH JHQHUDOO\ SDUDOOHO SODFHG WR WKH GLUHFWLRQ RI FRQFUHWHPL[WXUH¶V IORZ LQ WKH IRUP 7KLV
SKHQRPHQRQ LQWHQVLILHV LQHOHPHQWVZLWK ORQJHU ILEHUV 6:DQGZLWK WKH LQFUHDVHRI WKHLUYROXPH UDWLR LQ WKH
PL[WXUH +RZHYHU VXFK RULHQWDWLRQ RI ILEUHV FDXVHG WKH LPSURYHPHQW RI VWUHQJWK LQ EHQGLQJ RI EHDPV ZLWK WKH
DGGLWLRQRIORQJHUILEUHV6:7KHLQFUHDVHLQIOH[XUDOVWUHQJWKZDVHYHQXSWRLQEHDP,,LQFDVHRI6:
ILEUHVFRQWHQWRINJPLQUHODWLRQWREHDP,FXWIRUPWKHHOHPHQWRIîîPP
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6LPLODU EXW VRPHZKDW VPDOOHU LQFUHDVH LQ UHVLVWDQFHZHUH IRXQG LQ EHDPV ,,, LQ UHODWLRQ WR EHDPV , FXW IURP
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